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Abstracts. Jamu (herbal medicine) is a traditional Indonesian medicine used to nourish, treat, and restore of health, as 
well as for beauty and fitness. A healthy Jamu is safe when consumed and free from chemicals (in Indonesia it’s called 
BKO). BKO is a medicinal chemical compound which is intentionally added in jamu (herbal medicine), which aims to 
increase the accelerate effects of Jamu or herbal medicine from the usual. The aims of this study are to extract, isolate, 
identify and elucidate the structure of the BKO of sildenafil and it’s derivatives in two herbal preparations circulating 
in the city of Banda Aceh. Extraction, isolation and identification of sildenafil BKO and its derivatives in jamu were 
done by using column chromatography (CC) and thin layer chromatography (TLC) meanwhile, the structure elucidation 
of sildenafil and it’s derivatives were done by Fourier-Transform Infra-Red (FT-IR) and liquid chromatography/mass 
spectroscopy (LC/MS/MS). The results of extraction, isolation and   identification with a solvent  ethyl acetate: 
methanol: ammonium hydroxide (25%) (100:15:1.5 v/v showed that two jamu circulating in Banda Aceh positively 
contained BKO sildenafil derivatives, namely thiosildenafil. The FT-IR analysis showed a strong absorption of 
thiocarbonyl (C=S) group at 1288-1242 cm-1, which is a typical uptake of the thiosildenafil compound. The 
Spectroscopy LC/MS/MS analysis using electron spray ionization (ESI-MS/MS) showed that the isolate have a similar 
spectra with thiosildenafil compound [TSLD+H]+ at 491 m/z and [TSLD+Na]+ at 513 m/z and other derivate of 
thiosildenafil, namely propoxyphenylhydroxylethylthiosildenafil [PHTSLD+H]+ at 533 m/z.   
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I INTRODUCTION 
 
Drug Chemicals (in Indonesia it’s called BKO) are 
synthetic drug compounds or chemical products 
derived from natural materials commonly used in 
modern medicine. The addition of BKO in 
traditional medicine preparations is still common, 
and it is very dangerous because it does not go 
through safety tests, efficacy and quality, improper 
quantities, no clear warnings and inappropriate use 
rules [1]. Sildenafil or known Viagra® (Pfizer) is a 
BKO that is often found in herbal medicine and 
includes a class of strong- drugs, used as an 
inhibitor phosphodiesterase-5 (PDE-5) for the 
treatment of erectile dysfunction in men [2]. This 
drug works by increasing the levels of cyclic 
guanosine monoposphate (cGMP) in the corpus 
cavernosum indirectly by inhibition of the enzyme 
PDE-5 by increasing nitrogen oxide. This effect is 
utilized by patients with erectile dysfunction [3]. 
Traditional medicines or jamu are ingredients or 
ingredients in the form of plant materials, animal 
materials, mineral materials, sari preparations or 
mixtures of these substances which have been 
hereditary for treatment, and applied in accordance 
with the norms prevailing in the community. Jamu 
its have small side effects at a low cost, but have a 
disadvantage that the resulting therapeutic effects 
take a long time [4]. This is what makes jamu 
manufacturers to add BKO into their products, with 
the aim of speeding up the desired therapeutic 
reactions [5]. In several studies that have been done, 
it was found that the presence of synthetic compounds 
that have similarities in chemical structure with 
sildenafil and often identified in small quantities 
contained in jamu (herbal medicine) special for men 
who circulate in the market or purchase online [6, 7]. 
Generally the modification of this sildenafil structure 
lies in the piperazine ring and the presence of position 
exchange in the lactam portion between sulfur and 
oxygen. The derived compounds of sildenafil can be 
developed into new drug discovery, but not selected 
as clinical treatment. This is because the threat of 
health hazards that consumers are not aware of the 
content of BKO, which has not been tested safely to 
be used in medicine [8, 9]. Sildenafil analysis 
qualitatively and quantitatively has been done by 
using several methods with Thin Layer 
Chromatography (TLC), Column Chromatogphy 
(CC), UV-Vis Spectrophotometer, FT-IR, NMR, 
HPLC, LC/MS and LC/MS/MS. The results of the 
analysis are not only sildenafil found, but also 
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sildenafil derivatives. In this study, sildenafil and 
it’s derivatives were analyzed in jamu (herbal 
medicine), where extraction and isolation using the 
CC method, followed by identification using the 
TLC method, while the elucidation of the structure 
of compounds obtained from jamu using the 
method FT-IR and LC/MS/MS spectroscopy 
methods. 
 
II METHODOLOGY 
 
In this study using 2 herb preparations circulating 
around the city banda Aceh and standard sildenafil 
(Viagra®, Pfizer) (Figure 1). The method of 
selecting samples by purposive sampling with  
criteria of jamu that are not registered in BPOM, 
or registered with product name and registration 
number is fictitious. 
 
 
 
                           
Figure 1 Picture of (a) Jamu 1 (b) Jamu 2 and (c) 
Standard Sildenafil 
 
Extraction and Isolation by Column 
Chromatography (CC) 
Accurately weighed ±2 g powder of jamu, then 
mixed with a little silica gel powder 60 (0.2-0.5 
mm), stir until homogeneous. The columns are 
cleaned, then inserted a 60 (0.2-0.5 mm) silica gel 
powder that has been dampened with a solvent,  
ethyl acetate: methanol: ammonium hydroxide 
(25%) (100:15:1.5 v/v. Furthermore, that powdered 
of jamu have been mixed with silica gel powder 60 
(0.2-0.5 mm), and stream the solvent into the 
column. The fraction obtained is accommodated in 
vials and evaporated. Fractions were collected 
based on the same Rf value as the standard 
sildenafil [10].  
 
Identification by Thin Layer Chromatography  
(TLC) 
The fraction results obtained from extraction and 
isolation by family planning were then identified 
by TLC by means of being sprayed in the 
stationary phase using silica gel G-60 GF254 plate 
and mobile phase using ethyl acetate: methanol: 
ammonium hydroxide (25%) (100:15:1.5 v/v). 
Observed stain patterns formed between sample jamu 
and standard sildenafil [10]. 
 
Elucidation of Structure 
 
FT-IR Analysis 
The analysis was performed by KBr pellet method, 
using Shimadzu IR Prestige-21 fourier-transform 
infra-red (FT-IR) with spectral range 4000-400 cm-1. 
 
LC/MS/MS Analysis 
The analysis is done by using LC/MS/MS equipped 
with The Waters Vevo TQD (Tandem Quadrupole 
Detector). The mobile phase it used 0.1% formiat acid 
and methanol (35:66), flow rate 0.3 mL/min, and 
volume of injection 2 µL. Reserved phase used C18 
Acquity, flow rate 0.3 mL/min, volume of injection 2 
µL for 7 min., low-noise, off-axis, long-life 
photomultiplier detector. This technique is equipped 
with ionization ES+ mode, capillary voltage 3 kV, 
cone voltage 25 V, desolvition temperature 500ºC 
and source temperature 1000 L/hr. 
 
III RESULTS AND DISCUSSION 
 
Organoleptically sample of jamu 1, that is on the 
color and odor have differences with the sample of 
jamu 2. Jamu or tradisional medicines, usually has its 
own distinctive color and odor based on the result of 
mixture of natural ingredients or simplicia that form 
part of plant, like rimpang, leaf, bark and fruit. In the 
sample of jamu 1 has no color and unique smell of 
natural ingredients, but has a white powder color, so 
it is suspected in this jamu containing synthesis drug 
packed with herbal medicine label. The results of 
isolation and extraction by column chromatography 
on the sample of jamu 1 and sample jamu 2, were each 
obtained 3 fractions. Furthermore, the three fractions 
of each sample jamu are reanalyzed using the TLC 
method. The fraction of the sample jamu has a stain 
pattern and the same Rf value as the standard 
sildenafil is reunited. Further purification of the 
fraction is carried out, so that the pure fraction 
isolates obtained from the sample of jamu 1 as much 
as 130 mg and sample of jamu 2 as much as 87 mg 
(Table 1). 
 
FT-IR Analysis 
In (Figure 2 and Table 2), the FT-IR analysis of 
samples jamu 1 shows the presence of a functional 
group of SO2 stretch with spectral range in the region 
of 1172 cm-1, aromatic C=C bond at 1558 cm-1, C=O 
stretch at region 1697 cm-1, saturated C-H stretch at 
region 2870 cm-1, unsaturated C-H stretch at region at 
3109 cm-1, secondary N-H stretch at region 3309 cm-
1 and OH stretch at region 3425 cm-1. Sample jamu 2, 
also shows the same FT-IR spectra with functional 
group of SO2 stretch at region 1149 cm-1, aromatic 
C=C bond at region 1573 cm-1, C=O stretch at region  
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(a)  
 
(b)  
 
Figure 2 Results of FT-IR analysis sample of (a) jamu 1 and (b) jamu 2 
 
1689  cm-1, saturated C-H stretch at region 2947- 
2870 cm-1, unsaturated C-H at region 3109 cm-1, 
secondary, N-H stretch at region 3309 cm-1 and O-
H stretch at region 3425 cm-1. Result of FT-IR 
analysis on sample of jamu 1 and jamu 2, still on 
the characteristic of the spectral range of FT-IR 
sidenafil (Table 2), except in the 1700-1500 cm-1 
spectral range aromatic the C=C bond, but this 
spectral range still shows the characteristics of the 
sildenafil spectra range [11].  The C=S (thioceton) 
bond hose of the sample of  jamu 1 and  sample of  
jamu 2 it’s in an area of 1288-1242 cm-1, which 
shows the spectral characteristic of the compound 
of the sildenafil derivative, namely thiosildenafil 
[12]. 
 
Analisis LC/MS/MS 
Figure 3, shows the results of ESI(+)-MS/MS 
spectra of sildenafil ion (SLD) molecules obtained 
from Viagra® tablets extracted using a methanol 
solvent. Identification of detected ion SLD form from 
ESI(+)-MS/MS at spectra m/z 475. Results of 
collision induced dissociation (CID) from collision 
process at MS/MS stage will form the structure 
[SLD+H]+ at m/z 475 as the main fragment [13]. The 
molecular weight of a generated compound can 
provide valuable information, in which the analytical 
ions will be fragmented by the presence of colliding 
molecules. The voltage applied to the analytical ions 
to increase energy, in order to be able to collide so as 
to create more fragmentation [14]. 
 
Table 1 Rf value of standard sildenafil and sample of jamu 
1 and jamu 2 
 
Sample Rf  Value Fraction Weight (mg) 
Standar   
sildenafil 
0.61 - - 
Jamu 1 0.61 1 130 
Jamu 2 0.61 1 87 
 
Analysis of Sildenafil and It’s Derivatives In Jamu (Herbal Medicine)... 
(Rina Kurniaty, Khairan and Lelifajri) 
_____________________________________________________________________________________________ 
118 
(a)  
 
(b)  
 
(c) ``  
 
Figure 3. Spectra ESI(+)-MS/MS of sildenafil its derivatives in sample of (a) sidenafil (b)jamu 1 (c) jamu 2 
 
 
 
Figure 4. Structure of (a) sildenafil, (b) thiosildenafil, dan (c) propoxyphenylhidroxyethylthiosildenafil [6, 12] 
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(a)  
 
(b)  
 
Figure 5. Fragmentation  (a) Thiosildenafil (C22H30N6O3S2) at m/z 491 and (b) 
Propoxyphenylhidroxyethylthiosildenafil (C24H34N6O4S2) at m/z 533 
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Table 2 FT-IR spectrum analysis results of sildenafil 
based on literature [11, 12] 
 
No Fungsional 
Group 
Characteristic 
Absorption Range (cm-1) 
1. SO2 stretch 1172.74  
2. C=C aromatis 1582.62  
3. C=O stretch 1702.21  
4. -C-H stretch 2962.71  
5. =C-H stretch 3029.26  
6. N-H stretch 3299.3  
7. O-H stretch 3617  
8. C=S 1288-1242 
 
The results of ESI (+)-MS/MS spectral data 
(Figure 3) in the sample jamu 1, show that the 
presence of compounds having ESI (+)-MS/MS 
ionic characterizations similar to those of sildenafil 
derivatives, namely thiosildenafil [TSLD+H]+ at 
m/z 491 and [TSLD+Na]+ at m/z 513. The 
presence of sildenafil ion characteristics  
[SLD+H]+ at m/z 475 and [SLD+Na]+ at m/z 497 
[6 ]. Fragmentation of other ions formed are m/z 
195, m/z 158, m/z 140 and m/z 60 (Figure 5). The 
molecular structure form of thiosildenafil 
(C22H30N6O3S2) has a molecular mass of a 
compound it larger than the structure molecule of 
the sildenafil, which  mass 16 it’s an oxygen atom 
[6]. The results of the ESI (+)-MS/MS (Figure 3) 
spectral data from the sample of jamu 2, also show 
the presence of similar ionic compounds of 
thiosildenafil derivatives, namely propoxyphenyl-
hydroxyethylthiosildenafil [PHTSLD+H]+ at m/z 
533 and the presence of ionic characteristics 
[SLD+H]+  at m/z 475, [SLD+Na]+  at m/z 497, and 
[TSLD+Na]+  at m/z 513 [6]. Fragmentation of 
other ions are m/z 461, m/z 447, m/z 158, m/z 141 
and m/z 60 (Figure 5). The compound of this 
thiosildenafil derivative has a molecular structure 
it’s C24H34N6O3S2. The structural differences of 
these two compounds are the ethoxyl and methyl 
functional groups present in thiosildenafil replaced 
by the propoxy and hydroxyethyl groups in 
piperazine ring, there by forming a compound 
derived from thiosildenafil [12]. 
 
CONCLUSION 
 
Sample of jamu 1 and jamu 2 circulating in Banda 
Aceh city positive containing sidenafil 
derivatives, identified by using CC, TLC, FT-IR 
and LC/MS/MS spectroscopy methods. The 
results of FT-IR analysis shows the functional 
group of C=S (thioceton) at 1288-1242 cm-1, 
which is characteristic of functional group of 
sildenafil derivative, namely thiosildenafil. The 
results of LC/MS/MS analysis on sample of jamu 
1, showed that the presence of compounds having 
similar structural properties of the sildenafil 
derivative, namely thiosildenafil (C22H30N6O3S2) 
with fragmen tation [TSLD+H]+ at m/z 491. 
While, on the sample of  jamu 2 shows the 
existence of compounds of thiosildenafil 
derivatives, namely 
propoxyphenylhydroxyethylthiosilde nafil 
(C24H34N6O4S2)  with fragmentation 
[PHTSLD+H] + at m/z 533. 
 
REFERENCE 
 
1. Badan Pengawasan Obat dan Makanan 
(BPOM), R.I. 2015. Buletin Natura Kos Vol. 
X/No.29/2015, ISSN 1907-6606. BPOM RI. 
 
2. T. A. Vescan, E. C. Vari, C. Filip, E. B. Osz, 
D. Ceana, S. Imre, G. Hancu, 2014, Analysis of 
Dietary Supplements and Drugs for Erectile 
Dysfunction by HPLC-UV, Article, V. II. No. 
4. 2014, P.297.  
 
3. P. Y. Saraswati, H. Kartamihardja dan A. 
Firmansyah, 2012, Analisis Spot-Test Bahan 
Kimia Obat Sildenafil Sitrat pada Sediaan 
Jamu Sekolah Tinggi Farmasi Indonesia, 
Bandung, Indonesian, J, Pharm, Science and 
Technology, Vol, 1(2). 
 
4. Kemenkes RI, 2010, Peraturan Menteri 
Kesehatan Republik Indonesia Nomor: 
003/Menkes/Per/I/2010 tentang Saintifikasi 
Jamu dalam Penelitian Berbasis Pelayanan 
Kesehatan, Jakarta: Menkes RI. 
 
5. A. A. Savaliya, P. R. Shah, B. Prasad, S. Singh, 
2010, Screening of Indian Aphrodisiac 
Ayurvedic/Herbal Health Care Products for 
Adulteration with Sildenafil, Tadalafil and/or 
Vardenafil using LC/PDA and Etracted Ion 
LC-MS/TOF. J. Pharm. Biomed. Anal. 52 
(2010) 406-409. 
 
6. K. C. Lai, Y. C. Liu, Y.C. Liao, Y. L. Lin, L. 
Y. Tsai, J. H. Lin and C. F. Lo, 2010, Isolation 
and Identification of Three Thiosildenafil 
Analogues in Dietary Supplement. J. Food 
Drug Anal. 18 (2010) 269-278. 
 
7. B. J. Venhuis, D. de Kaste, 2012, Towards a 
Decade of Detecting New Analogues of 
Sildenafil, Taladafil and Vardenafil in Food 
Supplements: A history, Analytical Aspects 
and Health Risks. J. Pharm. Biomed. Anal. 69 
(2012) 196-208. 
 
8. C. L. Kee, X. Ge, H. L. Koh, M. Y. Low, 2014, 
Structural Elucidation of Propoxy 
phenylisobutylaildenafil, Adulterant in a 
Health Supplement using High-Resolution 
Analysis of Sildenafil and It’s Derivatives In Jamu (Herbal Medicine)... 
(Rina Kurniaty, Khairan and Lelifajri) 
_____________________________________________________________________________________________ 
121 
Orbitrap Mass Spectrometry, J. Pharm. 
Biomed, Anal. 98 (2014) 153-159. 
 
9. S. Balayssac, V. Gilard, C. Zedde, R. Martino, 
M. M. Martino, 2012, Analysis of Herbal 
Dietary Supplement for Sexual Performance 
Enhancement: First Characterization of 
Propoxyphenylthiohydroxyhomosildanefil and 
Identification of Sildanefil, Thiosildanefil, 
Phentolaminen and Tetrahydropalmatine, J, 
Pharm, Biomed, Anal, 63 (2012) 135-150. 
 
10.   H. Goker, M. Cokun and M. ALP, 2010, 
Isolation and Identification of a New 
Acetildenafil Analogue used to Adulterate 
Dietary Supplement: Dimethylacetildenafil. 
Turki, J, Chem, 34 (2010) 157-163.  
 
11. A. K. Podder, J. K. Chakrobarty, A. B. M. 
Faroque, 2014, Qualitative and Quantitative of  
Sildenafil in Tradisional Medicine and Dietary 
Supplements, Asian Journal of Pharmaceutical 
and Research. Research Article, ISSN-974-
241, Vol. 7, Suppl 2, March 2014. 
 
12. Y. C. Liao, K. C. Lai, H.C. Lee, Y.C. Liu, Y. 
L. Lin and D. Y. C. Shih, 2013, Isolation and 
Identification of New Sildenail Analoque from 
Dietary Supplements, J, Food Drug Anal. 21 
(2013) 40-49. 
 
13. S. R. Ortiz, C.K. Marlotti, W. Romao, N.M. 
Eberlin, P.R. Limberger and P. Mayorga, 2011, 
Chemical Fingerprinting of Counterfeits of 
Viagra and Cialis Tablet and Analogues Via 
Electrospray Ionization Mass Spectrometry, 
 American Journal of Analitycal Chemistry. 2, 
919-928. 
 
14.    M. K. Ginting, 2012, Validasi Metode 
LC/MS/MS untuk Penentuan Senyawa Asam 
Trans, Trans-Mukonat, Asam Hippurat, Asam 
2-Metil Hippurat, Asam 3-Metil Hippurat, 
Asam 4-Metil Hippurat dalam urin sebagai 
Biomarker Paparan Benzena, Toluena dan 
Xilena. FMIPA UI. Depok 
 
